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WHAT THIS PAPER ADDS
 Infection following major lower limb amputation is common and associated with signiﬁcant morbidity. There is only limited
evidence regarding the inﬂuence of peri-operative factors on infection rates. This strong consecutive series of lower limb ampu-
tations illustrates the poor prognostic effect of certain peri-operative techniques on infection rates. It is hoped that surgical practice
will be altered accordingly following this study and that this will have a positive effect in reducing post-operative infection and
revision of major lower limb amputations.a r t i c l e i n f o
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Objectives: Infection followingmajor lower limb amputation is commonbut surgical inﬂuences on the rates
of infection are not known. We aim to assess the inﬂuence of peri-operative surgical factors on outcome.
Design and methods: Review of a prospective database included all patients undergoing a major lower
limb amputation from March 2008 to July 2010. Infection was classiﬁed using Centre for Disease Control
criteria and multivariate analysis performed to identify signiﬁcant risk factors.
Results: 127 patients, median age 78 yrs (31e98) were included. 34.6% of patients developed a wound
infection following surgery; 47.7% of which were classed as superﬁcial incisional surgical site infections,
with 52.3% being deep incisional surgical site infections.
There was a higher infection rate in below knee than above knee amputations (p < 0.001). There was no
relationship between the grade of the operating surgeon (p ¼ 0.829), peri-operative antibiotics
(p ¼ 0.933), length of operation (p ¼ 0.651), use of nerve catheter (0.267) and the post-operative
presence of infection. There was a higher rate of infection with the use of suction drains (p < 0.05).
The use of skin clips rather than sutures was associated with an increased rate of infection (p < 0.05).
There was an increased need for revision surgery with the use of skin clips, although this was not
signiﬁcant (p ¼ 0.07).
Conclusions: Skin clips and surgical drains adversely inﬂuence the risk of infection in major limb
amputation and their use should be avoided.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Major lower limb amputation has a signiﬁcant role to play in
end-stage peripheral arterial disease (PAD), diabetic sepsis and
trauma. Rates of lower limb amputation vary signiﬁcantly
throughout theworld from 120/million/year in Finland to over 400/
million/year in Sweden.1e3 Figures from the United Kingdomoulston).
ciety for Vascular Surgery. Publishsuggest a ﬁgure of 300/million/year and there has been recent
controversy concerning regional variations in amputation rates
within England for type II diabetics.4e6 Patients undergoing major
lower limb amputation, especially when the underlying aetiology is
PAD, often have multiple co-morbidities and therefore it is impor-
tant that any surgical techniques that can potentially reduce
surgical site infection should be utilised. A large series of over
350 patients undergoing amputation revealed a peri-operative
mortality rate of 15.5%, largely attributed to cardiovascular risk
factors.7 Given this high peri-operative mortality rate the numbered by Elsevier Ltd. All rights reserved.
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stump should be kept to an absolute minimum.
Surgical site infection (SSI) following major lower limb ampu-
tation is common and in addition to the morbidity from infection
there is also an increased rate of phantom pain as well as a delay to
mobilisation with a prosthesis.8
Evidence concerning surgical factors inﬂuencing infection rates
is limited. The use of peri-operative antibiotics alongwith the grade
of operating surgeon has been shown to inﬂuence infection rates
but much of this data is historical.9e12 A recent review in this area
illustrated the heterogeneity of research surrounding infections
following amputations but clearly stated a reduction in stump
infections and revision surgery with the use of peri-operative
antibiotics.11
The aim of this study was to investigate the signiﬁcance of
surgeon and surgical speciﬁc risk factors for infection following
major lower limb amputation.
Materials and Methods
Details of consecutive patients undergoing a major lower limb
amputation were taken from the National Vascular Database and
a local prospective database. All patients were included and case
notes examined. The variables included basic demographics, level
and type of amputation, length of hospital stay and post-operative
infective complications. The operation and anaesthetic charts were
used to obtain data on peri-operative practices, as well as tech-
niques and equipment used.
Patients whowere not on antibiotics pre-operatively were given
antibiotics during anaesthesia. Broad-spectrum antimicrobial cover
(Intra-venous Flucloxacillin and gentamicin, with the addition of
a glycopeptides such as Teicoplanin in cases of MRSA positivity)
was used and supplemented if patients had prior bacterial culture
from any open wounds. Surgical technique varied due to surgeon
preference. However, all patients had initial skin incision usingSuperficial incisional surgical site infection D
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Figure 1. CDC classiﬁcation oa blade and haemostasis was achieved with diathermy and vessel
ligation. Closurewas in layers with a braided absorbable suture (not
a bonded antiseptic suture) used for the closing of myofascial layer
and skin closure left to surgeon preference. Skin closure materials
available were absorbable braided/monoﬁlament subcutaneous
sutures, non-absorbable interrupted monoﬁlament suture and skin
clips.
One procedure was performed through traumatised tissue in
which the wound was not formally closed but opposed with steri-
strips but all other procedures were performed through clean
tissue as a planned deﬁnitive procedure with the intention of
primary healing. Dressings were ﬁrst removed at 48 h and
subsequently reviewed daily. Drains, used according to surgeon
preference, were removed when they contained less than 30 ml/
24 h period.
The presence of stump infection following major lower limb
amputation was taken from clinical records in the patient’s case
notes. Post-operative infection could only be included in the study
if there was descriptive evidence recorded (i.e. cellulitis, discharge
of pus, dehiscence/wound breakdown) as well as a treatment plan
indicative of infection that fulﬁlled the classiﬁcation used. The
wound had to be reviewed and infection diagnosed by a Consultant
or Specialist Registrar.
Post-operative stump infection was then subdivided allowing
for further analysis. Infection was classiﬁed using the Centre for
Disease Control (CDC) Surgical Site Infection (SSI) Criteria (2008).
This classiﬁes SSI into superﬁcial or deep and is fully depicted in
Fig. 1.13 Patients requiring a second surgical revision (including
conversion from BKA to AKA) were also further analysed.
Data was analysed using SPSS (IBM SPSS 15, Chicago). Peri-
operative factors were analysed independently against the pres-
ence of post-operative infection using chi squared univariate
analysis followed by coxmultivariate regression analysis. An overall
p value of <0.05 was considered to be signiﬁcant in the ﬁnal
analysis.eep  incisional surgical site infection
 deep incisional SSI must meet the following 
riterion: 
nfection occurs within 30 days if no implant is 
eft in place or within 1 year if implant left in 
lace and the infection appears to be related to the 
perative procedure  
nd
nvolves deep soft tissues (ie. Muscles and fascial 
ayers) of the incision 
nd
atient has at least 1 of the following: 
a. Purulent drainage from the deep incision 
b. A deep incision spontaneously dehisces 
or is deliberately opened by a surgeon 
and is culture positive or not cultured 
when the patients has at least 1 of the 
following signs or symptoms: fever 
(>38), or localised pain or tenderness. A 
culture negative finding does not meet 
this criterion 
c. An abscess or other evidence of infection 
involving the deep incision is found on 
direct examination, during reoperation or 
by histopathological or radiological 
examination 
d. Diagnosis of superficial SSI by the 
surgeon or attending physician 
f surgical site infection.13
Table 2
Incidence of surgical site infection related to risk factor.
Factor Number Infection
rate
p valuea
Peri-operative
antibiotics:
Yes 110 39.2 0.680
No 17 41.5
Level of amputation: AKA 51 19.6 <0.001
BKA 75 82.9
Nerve catheter: Yes 55 34.0 0.354
No 72 63.1
Type of suture: Subcutaneous
absorbable
58 25.9 Sutures vs
clips <0.05
Non-absorbable 22 27.3
Clips 46 50.0
Steri-strips 1 100
Drain use: Yes 36 50.0 <0.05
No 91 28.6
Grade of surgeon: Consultant 63 33.2 0.903
Junior 64 33.1
Operation
Time (min):
<80 66 38.2 0.501
>80 61 31.5
a Chi squared (Univariate analysis).
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Between March 2008 and July 2010 a total of 127 major
amputations were performed. Amputation level was above knee in
51 (40.2%), through knee in 1 patient (0.8%) and below knee in 75
(59.0%). Basic patient demographics and primary indicators for
amputation are shown in Table 1. Post-operative infection was
present in 44 (34.6%) patients with 21 (47.7%) of the infected
wounds treated as a superﬁcial incisional SSI and 23 (52.3%) for
a deep incisional SSI. Table 2 illustrates the risk factors identiﬁed,
their proportional infection rates and univariate analysis. The
median increase in hospital stay was 6 days in patients with
a wound infection (range 2e33).
Below knee amputations were associated with an increased rate
of infection compared to AKA’s (82.9 vs 19.6%, p < 0.001). The
technique of BKA however, did not impact on infection rates with
long posterior (Burgess) ﬂap used in 53 cases with an infection rate
of 59.1% and the skew ﬂap (22 cases) with an infection rate of 39.6%
(p ¼ 0.198).
Median operating time was 80 min (Range 30e160). A pro-
longed operating time did not impact on post-operative infection
rates (p¼ 0.501). Therewas no difference in operating time or post-
operative infection rate depending on the grade of the most senior
operating (present) surgeon (p ¼ 0.256, 0.903). One hundred and
ten patients (86.6%) had peri-operative antibiotics. Eighty-four
patients had antibiotics continue post-operatively for a median of 5
days (2e42 days). There was no post-operative infections in
patients who did not receive peri-operative antibiotics and there
was no difference in infection rates between patients who received
more than 5 days of antibiotics (p ¼ 0.645).
The use of different methods of skin closure did impact on the
rate of post-operative infection. The use of surgical clips for skin
closure was associated with a signiﬁcantly higher rate of post-
operative infection compared to sutures (either subcutaneous
absorbable or non-absorbable suture material) (p < 0.05). Table 3
illustrates full multivariate analysis. The use of a drain and the
use of clips were associated with a signiﬁcantly increased rate of
infection (p < 0.05 respectively). There was no increase in hae-
matoma rate when a drain was not placed.
Overall infection rates were increased in patients with diabetes
(p< 0.05). More signiﬁcantly there was a higher proportion of deep
SSI’s in patients with diabetes mellitus (28.3% vs 17.2%) although
this did not reach signiﬁcance (p ¼ 0.402). The two peri-operative
factors found to be signiﬁcant in the overall analysis were exam-
ined with respect to the diabetic population. Drain use and the use
of surgical clips were associated with an increase risk of infection in
patients with diabetes. The use of a drain was a signiﬁcant risk
factor for infection (p < 0.05) and the rate of infection was
increased with the use of surgical clips although this did not quite
reach signiﬁcance (p¼ 0.06). The use of a nerve catheter, the length
of time of the operation and the grade of the most senior surgeonTable 1
Basic patient demographics and primary indicators for amputation.
Total Number of Patients 127
Age (Median (range)) 78 (31e98)
Diabetic (Median (range)) 59 (46.4%)
Current Smoker 31 (24.4%)
Aetiology
Peripheral arterial disease 74
Prior attempt at revascularisation 19
Diabetic gangrene 38
Trauma 1
Osteomylitis 6
Other 8did not inﬂuence infection rates in patients with diabetes
(p ¼ 0.800, 0.875, 0.836).
With respect to patients who were current smokers at the time
of surgery both drain use and the use of skin clips for skin closure
were again signiﬁcant factors for the development of infection
(p < 0.05).
Seventeen patients (13.3%) required a second stage surgical
procedure or revision prior to deﬁnitive healing. This was then
analysed along with its risk factors (illustrated in Table 4). Below
knee amputation was associated with a higher rate of formal
surgical revision (p < 0.05). There was an increased need for revi-
sion surgery with the use of skin clips, although this was not
signiﬁcant (p ¼ 0.07).Discussion
This study showed that post-operative infection was common
following amputation, with a signiﬁcantly higher rate in below
knee stumps. This is the ﬁrst study in which surgeon and surgical
speciﬁc risk factors have been investigated with respect to infection
following amputation. It is important to highlight that the number
of patients in this study was relatively small although large scale
randomised controlled trials involving lower limb amputation are
lacking. However the results from the regression analysis are strong
and both the use of drains and skin clips were signiﬁcantly and
independently associatedwith subsequent infection. It is important
that these results from this observational study are used as
a starting point for further research and we would recommend
a prospective trial into this important area.Table 3
Multivariate analysis of risk factors for post-operative infection.
Multivariate analysis*
Hazard ratio Conﬁdence interval p value
Peri-operative antibiotics 0.945 0.252e3.539 0.933
Level of amputation 1.654 0.754e3.631 0.210
Use of nerve catheter 1.773 0.646e43,867 0.267
Type of suture 1.693 1.044e2.747 <0.05
Use of drain 2.848 1.109e7.313 <0.05
Grade of surgeon 0.905 0.635e2.242 0.829
Operation length (time) 0.824 0.356e1.907 0.651
*Cox regression (multivariate analysis).
Table 4
Risk factors for deep incisional SSI formal surgical revision.
Univariate
analysisa
Multivariate analysisb
p value Hazard
ratio
Conﬁdence
interval
p value
Peri-operative antibiotics 0.165 0.754 0.171e3.330 0.709
Level of amputation <0.05 0.535 0.155e1.844 0.322
Use of nerve catheter 0.562 1.980 0.567e6.922 0.285
Type of suture 0.07 1.192 0.660e2.155 0.099
Use of drain 0.488 1.598 0.477e5.356 0.448
Grade of surgeon 0.265 1.246 0.382e4.066 0.715
Operation length (time) 0.956 0.556 0.181e1.701 0.303
a Chi squared.
b Cox regression.
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rates between absorbable and non-absorbable sutures, although
newer antibiotic impregnated sutures appear to reduce infection
rates.14e17 However, no amputation speciﬁc data on suture use for
skin closure exists. The use of skin clips decrease surgical operating
time but their inﬂuence on post-operative infection is less clear.
Two systematic Cochrane reviews failed to ﬁnd a signiﬁcant
difference between skin closure with staples or subcutaneous
sutures although, with respect to closure following vein harvest for
coronary artery bypass surgery, staples conferred an increased risk
(relative risk 1.20 95% CI 0.60e2.39) of post-operative infection.18,19
Most literature regarding skin closure of surgical wounds is from
the orthopaedic ﬁeld. A recent meta-analysis incorporating
a number of different orthopaedic procedures found a four times
higher rate of post-operative infection with the use of skin clips,
and this has contributed to guidance in Australia that incisions for
hip surgery in older patients be closed with subcutaneous
absorbable sutures.20,21 Skin closure with clips or subcutaneous
sutures is likely to result in pathophysiological differences resulting
in differences in wound healing. It has been suggested that the two
different methods result in altered mechanical stresses on the
wound and differing levels of impairment of cutaneous blood
supply.22,23 These factors are likely to inﬂuence bothwound healing
and infection rates but it is difﬁcult to draw strong conclusions
using the current literature base.
The grade of surgeon was not found to be signiﬁcant in the rate
of post-operative infection in our study. There is some conﬂicting
literature regarding the outcomes following surgery with respect to
grade of operating surgeon but with respect to amputations it
seems that this does not contribute to increased infective
morbidity.10,12 It is unclear from this study whether amputation
volume had an effect on overall outcome.
Given no increased rate of haematoma formation without
a drain, and also the signiﬁcant increase in SSI’s in patients inwhom
a drain had been sited, the practice of routine drainage following
amputations cannot be recommended. These ﬁndings are consis-
tent with literature evidence that drains are a signiﬁcant risk factor
for infection in clean wounds at soft tissue level in procedures such
as vascular femoral surgery, thyroid surgery, inguinal hernia
surgery as well as many other surgical procedures.24e28
A decreased incidence of infection, as well as a reduced need for
a second surgical procedurewas seen in above knee amputations in
this study and this is consistent with other studies showing prox-
imal amputations to have less infective complications.7,12,29,30 It is
likely that this is multifactorial. Surgeon and patient desire for
a longer (and potentially more functional stump) could inﬂuence
decision making. It is also difﬁcult clinically to assess micro-
vascular perfusion which has been hypothesised as the cause for
an increased rate of stump infection and failure in below kneeamputations. Skin perfusion, as a marker for global stump perfu-
sion is a useful research tool in the prediction of failure following
amputation, especially for BKA’s.31 Time to mobilisation has been
quoted as the rationale for choosing a skew ﬂap above a burgess
ﬂap but with respect to infection rates we found no difference
between there incisions and therefore this should not inﬂuence
surgeon choice.32
There is existing literature of patient related factors inﬂuencing
the risk of infection following amputation. For example: the
absence of a popliteal pulse (for BKA’s), a haematocrit >30%,
smoking and diabetes mellitus have all been shown to have an
effect on the presence of wound infection and, in a signiﬁcant
percentage, the need for surgical revision.7,33,34 This paper aimed to
address modiﬁable surgical techniques that could inﬂuence infec-
tion rates but the presence of post-operative SSI is multifactorial.
Patient factors have a signiﬁcant bearing on surgical infection
outcomes and further work on the interaction between these
groups of risk factors would help identify the speciﬁc treatment of
high-risk groups.
In this study patients with diabetes mellitus had a higher rate of
SSI and, more of a concern, deep surgical site infections. Interest-
ingly the risk factors identiﬁed during whole group analysis, i.e. the
use of a drain and skin clips, were also strong risk factors for
infection within the diabetic population.
Post-operative infection is often under-diagnosed and under-
reported.35e37 Literature ﬁgures suggest a post-operative infection
range of 12e70% but with variations in the classiﬁcation of stump
wound infection it is difﬁcult to draw accurate conclusions.1,33,38
Formal revision surgery following amputation is more stand-
ardised and rates for revision are quoted to be between 4 and
30%.1,39,40 It is clear from the current literature that the rate of both
post-operative infection and revision is massively varied and this
may well be due to a difﬁculty in the assessment of and stand-
ardisation in the classiﬁcation of the infected post-operative stump.
Wound complications in major limb amputation are common
and frequently result in the need for further major surgery in
a group of patients with signiﬁcant co-morbidity and enhanced
operative risk. This study has shown an increased risk of wound
complications with the use of skin clips and surgical drains and we
recommend their use is avoided in major lower limb amputations.
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